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Abstract 
We discovered superconductivity in BaCuxSi2-x (0.2 ≤ x ≤ 0.6) with the maximum Tc of 3 K. The synthesized samples 
have AlB2-type structure. We measured the physical properties of BaCu0.3Si1.7 in the superconducting state as 
functions of temperature and magnetic field. Magnetization vs. magnetic field (M–H) curves show typical type-II 
superconducting behavior. Superconducting parameters Hc1(0), Hc2(0), O(0), [(0), and NGL are determined to be about 
20 Oe, 22 kOe, 570 nm, 12 nm, and 48, respectively. Lattice constants a and c and the Tc value depend on Cu 
concentration, x, Tc decreases with increasing x.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction
The discovery of superconductivity in MgB2has stimulated the search for superconducting materials with AlB2-
type structure [1]. Several silicides and germanides with AlB2-type structure have been reported to be superconductors.
In the CaSi2 system, the crystal structure changes under high pressure from ThSi2-type to AlB2-type, and AlB2-type 
CaSi2 shows a superconducting transition at 14 K [2]. Moreover, the crystal structure of EPSi2 or EPGe2 (EP =
Ca,Sr,Ba) changes from ThSi2-type to AlB2-type by partially substituting Group 13 elements (Al, Ga, etc.) for Si or Ge
sites, and compounds that are substituted with Group 13 elements show superconductivity [3,4,5,6,7]. From this 
viewpoint, it is important for the creation of AlB2-type superconductors to substitute other elements for Si or Ge sites
in an EPSi2 or EPGe2 system. In a previous report, the crystal structure of EPSi2 (EP = Sr, Ba) changes from ThSi2-
type to AlB2-type by lightly substituting transition metal (TM) elements for Si [8]. EP(TM,Si)2 with AlB2-type
structure is a candidate for development of a new superconductor with AlB2 type structure. However, there are no 
details on the low-temperature properties and superconductivity in the EP(TM,Si)2 (EP =Sr, Ba) system.
In this study, we successfully synthesized polycrystalline samples of BaCuxSi2-x(0.2 ≤ x ≤ 0.8) with AlB2-type 
structure and discovered that BaCuxSi2-x (0.2 ≤ x ≤ 0.6) is a superconductor with a superconducting transition 
temperature (Tc) of 3 K. Moreover, we determined the superconducting parameters of BaCuxSi2-x we have discussed
these superconducting states in this paper.
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2. Experimental Details 
A polycrystalline sample of BaCuxSi2-x was synthesized by the arc melting method. The polycrystalline sample of 
BaCuxSi2-x was prepared from a stoichiometric amount of 1 : x : 2x = EP : TM : Si. Powder X-ray diffraction (PXRD) 
measurements were performed using a conventional X-ray spectrometer equipped with a graphite monochromator 
(Multi Flex system, RIGAKU) with Cu KD radiation. The intensity data were collected by applying Cu KD radiation 
to the sample over a 2T range of 5°–80° with a step width of 0.02°. Magnetic properties measurements were 
performed using a Superconducting Quantum Interference Device (SQUID) magnetometer (Quantum Design, MPMS) 
in a temperature range of 1.8–5.0 K and applied magnetic fields up to 2 kOe. Electrical resistivity was measured by a 
conventional DC four-probe method in a temperature range of 0.7–300 K under zero magnetic field and various 
applied magnetic fields.  
3. Results and Discussion 
Figure 1 shows the temperature dependence of (a) magnetic susceptibility in an applied magnetic field of H = 10 Oe 
and (b) electrical resistivity with measuring current of I = 1 mA for the synthesized sample of BaCu0.3Si1.7. The inset 
figure of Fig. 1(a) shows the PXRD pattern of BaCu0.3Si1.7.  
In a previous report on BaAlSi, the compositions of the melted ternary samples were found to be much closer to 
those of the nominal compositions within the limits of experimental errors, suggesting that the vaporization of Ba 
during heating in Ar atmosphere was negligible [10]. The PXRD pattern in the inset figure of Fig. 1(a) could be 
indexed on the basis of a hexagonal unit cell with space group of P6/mmm. We successfully synthesized the AlB2-type 
compound of BaCuxSi2-x and confirmed that the AlB2-type structure appears for Cu concentrations x with 0.2 ≤ x ≤ 0.8 
in the Ba(Cu,Si)2 system. 
Magnetic susceptibility data of BaCu0.3Si1.7 in Fig. 1(a) show a rapid decrease at around 3 K, suggesting the 
occurrence of superconductivity. Moreover, the electrical resistivity of BaCu0.3Si1.7, as shown in Fig. 1(b), decreases 
significantly at around 3 K. From the results of magnetic susceptibility and electrical resistivity measurements, the 
superconducting transition temperature (Tc) of BaCu0.3Si1.7 is determined to be 3 K.  
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Fig. 1 (Color online) Temperature dependence of (a) magnetic susceptibility in an applied magnetic field of H = 10 Oe 
and electrical resistivity with a measuring current of I = 1 mA for BaCu0.3Si1.7. Inset figure in Fig. 1(a) shows the 
PXRD pattern of BaCu0.3Si1.7. 
 
Figure 2(a) shows the magnetization vs. magnetic field (M–H) curves of BaCu0.3Si1.7 measured at various 
temperatures in the superconducting state. The inset figure of Fig. 2(a) shows the MH curve at 1.85 K in a high 
magnetic field range.  
These M–H curves in Fig. 2(a) exhibit the characteristic behavior of a conventional type-II superconductor. Here, 
the lower critical field Hc1(T) is defined as the field at which the curve deviates from the linear line for the initial slope 
in Fig. 2(a). Figure 2(b) shows the electrical resistivity in various magnetic fields. Tconset (onset transition temperature) 
and Tc0 (zero-resistivity temperature) decrease with increasing applied field, and the transition width remains almost 
unchanged up to high magnetic fields. The Tc value at several applied fields was defined as 50% of the value at the 
normal state resistivity value (U(Tconset )/2 = 125 P: cm), and the transition width is considered the temperature 
interval between 10% and 90% of the transition. 
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Fig. 2 (Color online) (a) Magnetic field dependence of magnetization for BaCu0.3Si1.7 at various temperatures. Inset 
figure in Fig. 2(a) shows the MH curve at 1.85 K for a high magnetic field range; (b) electrical resistivity of 
BaCu0.3Si1.7 under various magnetic fields as a function of temperature 
 
Figure 3 shows the temperature dependence of the upper critical field Hc2(T) (H–T phase diagram) for BaCu0.3Si1.7. 
The inset figure of Fig. 3 shows the lower critical magnetic field Hc1(T) for BaCu0.3Si1.7 as a function of (T/Tc)2. 
Hc1 was fitted by the relation Hc1(T) = Hc1(0){1(T/Tc)2}, following the Ginzburg Landau (GL) theory, where Hc1(0) 
is Hc1(T) at 0 K. Hc1(0) was determined to be about 20 Oe. The penetration depth O(0) was calculated to be 
approximately 570 nm from the relationship between Hc1 and O(0), P0Hc1 ~)/SO(0)2, where P0 and ) are the 
magnetic permeability of the vacuum and quantum flux, respectively. The P0Hc2(T) values obtained from the magnetic 
resistivity measurements as a function of temperature are shown in Fig. 2(b). On the basis of the relation Hc2(T) = 
Hc2(0)[1 (T/Tc)3/2] 3/2 for type-II superconductors [9], Hc2(0) is found to be about 22 kOe. [(0) is calculated to be ~12 
nm using the relation Hc2(0) = )2S[2. The GL parameter NGL is estimated to be 48 using the relation NGL = O[. The 
thermodynamic critical field Hc(0) was calculated to be approximately 660 Oe on the basis of the relation HclHc2 = Hc2. 
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Fig. 3 The H–T phase diagram deduced from the temperature dependence of the electrical resistivity of BaCu0.3Si1.7 
under various magnetic fields. The inset is the lower critical field Hc1 as a function of (T /Tc)2. The dotted line shows a 
linear fit to Hc1(T) = Hc1(0){1-(T/Tc)2} 
 
Figuer 4 shows the Cu concentration (x) dependence of Tc and lattice constant a and c of BaCuxSi2-x. Here, Tc and 
lattice constant are defined by magnetic susceptibility andPXRD measurements. AlB2-type BaCuxSi2-x could be 
synthesized with 0.2 ≤ x ≤ 0.8. In our study, the superconducting transition can be defined for x = 0.6 compounds 
under our measurement conditions. There is no superconducting transition above 0.5 K for 0.7 ≤ x ≤ 0.8. The lattice 
constants a and c show a linear x dependence, indicating the successful substitution of Cu for Si (Fig. 4(b)). Tc 
decreases with increasing Cu concentration (Fig. 4(a)). These behaviors resemble those of AlB2-type SrGaxSi2-x [3]. 
The data in Fig. 4 indicate that superconductivity in BaCuxSi2-x can be categorized in the same family as other ternary 
alkaline-earth-silicide superconductors. In previous studies, the d-orbitals of the alkaline-earth metals were 
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predominant in the conduction bands, and the superconductivity could be related to the lattice parameter within the 
(AlSi) plane [10]. Consequently, Ba d-orbitals mainly contribute to the density of states near the Fermi level in 
BaCuxSi2-x. The Cu concentration dependence of Tc in BaCuxSi2-x can be observed by changing the electron state and 
inter- or intra-layer phonon frequency by increasing the Cu concentration in Cu-Si layers. 
 
 
Fig. 4 Cu concentration (x) dependence of Tc (upper panel) and Lattice constants a and c of BaCuxSi2-x (lower panel). 
4. Summary 
We discovered a new superconductor BaCuxSi2-x with AlB2-type structure, and determined the superconductivity 
parameters of BaCu0.3Si1.7 with Tc = 3 K. The MH curve at 1.8 K shows typical type-II superconducting behavior. 
The determined superconducting parameters of Hc1(0), Hc2(0), O(0),[(0), and Hc(0) for BaCu0.3Si1.7 are about 20 Oe, 
22 kOe, 570 nm, 12 nm, 48, and 660 Oe, respectively. Lattice constants a and c and Tc show a Cu concentration x 
dependence similar to other ternary EPMxSi2-x (EP = Ca, Sr, M = Al, Ga) systems. Superconductivity in BaCuxSi2-x 
belongs to the same family as other EPMxSi2-x silicide superconductors. Further investigations, such as specific heat 
measurement and electrical structure calculation, are desired to clarify details of the superconducting state of 
BaCuxSi2-x. We aim to synthesize other EP(TM,Si)2 compounds to develop a new type of AlB2-type superconductors. 
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